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Figure 1. Number of radiation exposures in dental cone-beam computed tomography (CBCT)

from 2016 to 2019 [18].
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Table 1. A survey questionnaire form to evaluate the exposure dose of patient
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Figure 2. Application of Dose Area Product (DAP) meter
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Table 3. General characteristics regarding to survey responses
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Table 4. Comparison between the number of insurance claims for each radiography and the
number of radiographic exposures. (N=1278)

Variables Mean+S.D t(p)
Periapical Radiographic exposures 6.44+6.21
] 3.018+* (0.003)
radiography Insurance claims 5.74+5.48
Panorama Radiographic exposures 5.05+4.06
. 4.534+* (0.000)
radiography Insurance claims 4.34+3.75

Cone beam computed Radiographic exposures 0.76£1.40
9.760+* (0.000)

tomography Insurance claims 0.31+0.85
Cephalometric Radiographic exposures 0.13£0.69
) 3.785% (0.000)
radiography Insurance claims 0.05+0.35
* p<0.05
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Table 5. Measured Dose area product values in each panoramic system

E AH| 9] WAL AEE gho]l 49.7 cGyem®®E 74 =& e W
W D o] o] WAk EE ghol 11.3 cGyem®o 2 7FE we 7S B (

°l

-

5). °l&

Dose area
Model product Exposure time (sec) kVp mA
(cGyem?)
A 24.6 16 80 10
B 21.4 14.1 69 12
C 13 13.5 74 10
D 11.3 12 75 10
E 49.7 14 90 10
F 33.3 19 79 10
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8x8 719 WA gho]l 57.4 cGyem?

Table 6. Measured parameters and DVT values in each CBCT system

Jo] WAbA & gho] 222,51 cGyem®®E 7Y & #S H

Dose
FOV Voxel size area Exposure time kVp mA
(cm x cm) (mm) product (sec)
(cGyem?)
A 15%9 0.2 215.00 14 95 6
8x9 0.2 130.82 14 95 6
B 11X10 0.16 73.86 30 85 10
8X8 0.16 10.63 15 85 10
C 16%9 0.2 159.50 9 7
8X8 0.12 94.00 2.9 94 13
C+
16%9 0.2 115.00 9 87 6.1
8X8 0.12 57.40 2.9 87 9.6
D 8X8 0.075 135.58 15 90 5
E 16><9 0.2 222.51 12 90 10
10X16 0.2 146.91 20 94 8
G 16%9 0.1 498.00 24.8 100 10
26
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A% (line pair value) @t B-F AH|7} 5434 3.1 Ip/mm & 7P =2 3t
Rk (7). NE2EgE Bl AE B,

C,
A0 QAAT TRl AFseAT. sheelrh gAY A PAA wFe] EE5E O
o QPEA gl vehd Aoz AAsgol FUAIESG dEEHIE R
FOT Aboli WAEA WYh EF A ALS A YA 2AFS 39 grolglont

Table 7. Measured Dose area product values and contrast in each panoramic radiography

Dose area .
Spatial resolution Contrast resolution
Model product e vair value 0
(cGyem?)
A 24.6 2.5 15
B 21.4 31 L0
¢ 13 3.1 1.0
D 11.3 3.1 15
E 49.7 3.1 L0
F 33.3 31 L5
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Table 8. Image quality in CBCT examinations

Exposure Dose

Labeling PMMA average PMMA noise Homogeneity Contrast CNR MTF 10% MTF 50%

NF

(cGycm?)

A 135.58 909.3 85.2 31 715 10 2.1 1 3.3
B 222.51 1450.5 72.1 18 951.5 13 2 1.2 2.5
C 159.5 967.6 28.1 15 958.4 20.9 2.3 1.3 2.5
94 839.7 45.2 11 1029.8 17.2 2.7 1 4.1

C+ 115 1169.7 36.6 18 1006.2 16 2.2 1.1 2.5
o7.4 779.5 68.5 6 997.4 15.8 2.6 1.2 4.1

D 73.86 614.6 12.1 12 480.5 8.9 2.1 0.9 2.3
10.63 939.5 28.4 15 456.4 8.5 2.3 0.9 3.1

E 146.91 1139.3 56.3 17 830.7 13.3 1.6 0.7 1.6
F 215 711.7 46.6 26 885.7 11.1 1.8 1 2.5
130.82 660.2 55.6 16 882.1 11.3 1.8 1 2.5

G 498 989.5 92.8 13 681.8 7.3 1.6 0.8 2.5

FOV: field of view; PMMA: polymethyl-methacrylate; CNR: contrast—-to—noise ratio; MTF: modulation transfer function; NF: Nyquist frequency
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Table 9. Descriptive statistics of variables measured in CBCT examination (N=12)

Variables Minimum  Maximum Sum Mean S.D
FOV 64.00 256.00 1421.00 118.41 57.97
Voxel size 0.12 0.30 2.25 0.18 0.04
Pose area 10.63  498.00  1859.21  154.93  123.99
product
Shooting time 2.90 24.80 143.60 11.96 5.92
Exposure time 2.10 4.40 9.70 3.23 1.15
kVp 85.00 100.00 1096.00 91.33 4.76
mA 5.00 13.00 100.70 8.39 2.39
PMMA average 614.60 1450.50 11171.10  930.92 239.00
PMMA noise 12.10 92.80 627.50 52.29 24.32
Homogeneity 6.00 31.00 198.00 16.50 6.62
Contrast 456.40 1029.80 9875.50 822.95 198.25
CNR 7.30 20.90 153.30 12.77 4.06
MTF 10% 1.60 2.70 25.10 2.09 0.35
MTF 50% 0.70 1.30 12.10 1.00 0.17
izziies:lcy 1.60 4.10 33.50 2.79 0.73
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Table 10. Effect of Dose area product on DVT values

Variables PMMA PM.MA IIomg— Contrast CNR MTF MTF Nvauist
average noise geneity 10% 50% frequency
Dose
0.48 0.12 0.06 0.05 -0.09 -0.01 -0.03 -0.01
r ok
A 082 (243" 0.37) 0.10)  (-095) (252" (=071  (-1.11)
product
855.18 33.77 15.51 814.73 14.24 2.36 1.05 3.09
Intercept . : . . s s s :
(7.43) (3.51) (4.73) (8.26) (7.36) (17.13) (12.57) (8.96)
F 0.687 5.911 0.143 0.011 0.915 6.368 0.516 1.232
P 0.426 0.035" 0.713 0.918 0.361 0.030™ 0.489 0.293
R? 0.064 0.371 0.014 0.001 0.084 0.389 0.049 0.110
Adj. R? -0.029 0.309 -0.085 -0.099 -0.008 0.328 -0.046 0.021
N 12 12 12 12 12 12 12 12
* p<0.05

Generalized linear model is a flexible generalization of ordinary linear regression that for
the response variable to have an error distribution other than the normal distribution. The
GLM generalizes linear regression by allowing the linear model to be related to the response
variable via a link function and by allowing the magnitude of the variance of each
measurement to be a function of its predicted value.
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Figure 7. Graphs of correlation analysis between dose area product and image quality (*
p<0.05)
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Table 11. Descriptive statistics of variables measured in the single CBCT system (N=24)

Variables Minimum  Maximum Sum Mean S.D
Voxel size 0.20 0.30 6.00 0.25 0.05
FOV 70 85 1860.00 77.50 7.66
Dose area 22580  742.80  11112.60  463.02  222.19
product
PMMA average -838.50 -689.29 -18685.41 -778.55  37.06
PMMA noise 40.86 79.83 1398.65 58.27 13.76
Homogeneity 5.78 13.83 192.29 8.01 1.85
Contrast 947.02 1509.00  27624.42 1151.01  158.65
CNR 5.65 35.54 389.72 16.23 9.54
izziies:lcy 1.60 2.50 46.20 192 0.40
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Table 12. Effect of voxel size, FOV, and Dose area product on DVT values

Variables PMMA PM.MA Homogeneity Contrast CNR Nyquist
average noise frequency
-32.66
Voxel -68.35 -15.55 -0.11 -946.86 - -6.16
Si -0.51 -0. -1. -1.4 -6.55)"
ize (-0.51) (-0.38) (-1.99) ( 5) 1.34) (-6.55)
POV -1.82 -0.03 0.12 2.89 0.01 0.01
(-2.00) (-0.11) (3.08)" (0.65) (0.09) (2.48)"
Dose area 0.08 -0.04 0.01 0.06 0.03 -0.01
product (2.58)%* (-4.91)° (1.84) (0.42) (5.97) (-2.10)
Int . -657.44 85.92 0.35 1133.39 7.40 2.44
nterce
P (-850  (3.73) (0.10) 3.02° (052 (451"
F 3.09 8.50 6.56 0.95 13.02 17.28
P 0.050 0.001™ 0.003™ 0.432 0.000™ 0.000™
R? 0.317 0.560 0.496 0.125 0.661 0.722
Adj.R* 0.214 0.495 0.421 -0.006 0.611 0.680
N 24 24 24 24 24 24
* p<0.05

Generalized linear model is a flexible generalization of ordinary linear regression that for
the response variable to have an error distribution other than the normal distribution. The
GLM generalizes linear regression by allowing the linear model to be related to the response
variable via a link function and by allowing the magnitude of the variance of each

measurement to be a function of its predicted value.
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Figure 8. Graphs of correlation coefficient between Dose area product, FOV, voxel size, and

image quality (* p<0.05)
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1. Purpose

This study aims to evaluate the number of radiographic exposures in dentistry and

the relationship between clinically used radiation dose and image quality.

2. Methods

For the number of radiographic exposures, the difference between the number of
radiographic exposures in clinical and those of insurance claims to Health Insurance
Review and Assessment Service was compared by surveying. SiX panoramic

radiographs and twelve cone-beam computed tomographic scanners (CBCT) were
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used to evaluate the radiation dose and image quality. The radiation dose was
measured using a dose area product (DAP) meter. Spatial resolution and contrast
resolution were measured using QUART dent phantom to evaluate the image quality
of the panorama radiography. For the CBCT, by using a dental volume tomography
(DVT) phantom, the average value of polymethyl-methacrylate (PMMA) voxel gray,
noise, homogeneity, contrast, contrast—to—noise ratio, modulation transfer function
(MTF) 10%, MTF 50%, and Nyquist frequency was measured. Moreover, to exclude
factors such as post—-processing method, equipment aging, and maintenance status
between CBCTs, the correlation between field-of-view (FOV), radiation dose, voxel

size, and image quality within a single model was also evaluated.

3. Results

The number of radiographic exposure in dentistry was significantly higher than
those of insurance claims. In the case of CBCT, the average number of actual scans
was 0.76, the standard deviation was 1.40, the average number of insurance claims
was 0.31, and the standard deviation was 0.85. In the case of panoramic radiography,
the average number of actual scans was 5.05, the standard deviation was 4.06, the
average number of claims was 4.34, and the standard deviation was 3.75. Moreover,
in the evaluation between radiation dose and image quality, there was no significant
difference in spatial resolution and contrast resolution in panorama radiography
acquired through six panorama radiographic machines. In the case of CBCT, the
relationship between radiation dose and image quality was significantly correlated
with PMMA noise and MTF 10%. As the radiation dose increased, the PMMA noise
showed a positive correlation, and MTF 10% showed a negative correlation. In the
evaluation of a single CBCT, the PMMA noise showed a negative correlation with the
increase of the radiation dose, and showed a higher effect on the image quality than

the voxel size and the FOV.
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4. Conclusions

It was confirmed that there is a significant difference between the number of actual

radiographic exposures in dentistry and those of insurance claims in the clinical field.

Therefore, a more accurate method of determining the exposure dose is needed. In
addition, there was no significant correlation between the image quality and radiation
dose during radiographic examinations in multiple panorama radiographic machines
and CBCTs. Therefore, an individual systemic evaluation system is needed for the

actual number of radiographic exposure, radiation dose, and image quality.

Key words: Dose, Cone-Beam Computed Tomography, Panoramic, Radiography.
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